The complete nucleotide sequence of cucumber mosaic virus RNA3 of Y strain has been determined and was compared with the reported sequence of RNA3 of Q strain.
INTRODUCTION
Cucumber mosaic virus (CMV) has a single-stranded (+) RNA genome composed of RNAI, 2, and 37,10). RNA3 encodes 3A and coat proteins, and subgenomic RNA4 is a mRNA for coat protein, generated from RNA3 during replication1,13). The complete nucleotide se quences of RNA112), RNA211), and RNA31) of CMV-Q strain and a sequence near the 5' terminus of RNA4 of CMV-Y strain5) have been reported.
Comparison of nucleotide sequences among different strains of a virus provides us various useful information on the essential structure(s) of the molecule related to biological functions of the viral RNAs, such as regulation of replication, translation or generating of subgenomic RNA and on phylogenetic relation. Thus, we have determined the complete nucleotide sequence of RNA3 of Japanese CMV-Y strain17). A part of this work was presented at the Annual Meeting of the Phytopathological Society of Japan in 1988.
MATERIALS AND METHODS
RNA purification. CMV-Y was propagated in tobacco plants (Nicotiana tabacum L. cv. Xanthi nc) and viral RNA was extracted as described15). RNA3 was purified by two cycles of sucrose density-gradient centrifugation16) cDNA cloning. The RNA was polyadenylated and its double-stranded cDNA was synthesized according to Gubler and Hoffman2) , and then ligated into SmaI site of plasmid pUC119 (Takara Shuzou Co., Ltd., Japan). Two clones of pY3-46 and pY3-79, each of which Sequencing. Sequencing by dideoxy chain termination method9) was carried out on both strands as shown in Fig. 1 . The reactions were conducted at 50C8). The sequence at the 5' terminus of RNA3 was determined by dideoxy method using a synthetic oligodeoxyribonu cleotide (5'-ACTGGTACCTTGGAAAG-3'), complementary to nucleotides 125-141 to prime reverse transcription in the presence of dideoxynucleotides8). RESULTS 
AND DISCUSSION
CMV-Y RNA3 turned out to be 2217 nucleotides long although that of Q strain has been reported to have 2193 nucleotides1), and over all sequence homology between RNA3 of Y strain and that of Q strain was 73% (Fig. 2) . Our data provided the amino acid sequences of the two proteins coded for by the RNA: the 5'-terminal 3A protein with 279 amino acids (Mr 30,478) and the 3'-terminal viral coat protein with 218 amino acids (Mr 24,113). Predicted amino acid composition of the coat protein is in good agreement with its amino acid composition determined empirically14) ( Table 1) . On the other hand, 3A and coat proteins of CMV-Q have been reported to have 333 and 236 amino acids, respectively1) (Figs. 3A and 4A) .
If we assume an insertion of A between nucleotides 932-933 in the reported sequence of Q strain, the open reading frame of 3A protein ends with an UAG termination codon at the inserted position and the number of its amino acid residues would be 279. In addition, the C-terminal amino acid sequence becomes homologous to that of Y strain (Fig. 3B) and homology of 3A protein between both strains is raised up from 67% to 82%. Because 3A protein itself has not been obtained as a material which enables us to analyze its physical and chemical properties, at present it is difficult to discuss the discrepancy in the length of the open reading frames of both strains.
If we assume one nucleotide insertion between nucleotides 1815-1816 in Q strain, a UAG termination codon of coat protein appears at positions 1870-1872; the number of its amino acid residues would be 217. The C-terminal region becomes homologous to that of Y strain (Fig.  4B) and homology of amino acid sequence between both strains increases from 67% to 78%. Moreover, the amino acid composition based on the insertion does not contradict that obtained by direct amino acid analysis1) ( Table 1) is rather closer to Mr 24,500 estimated by SDS-polyacrylamide gel electrophoresis3) than Mr 26,200 predicted from the original sequence. A converse assuming of a deletion of A at position 1859 of Y strain, which corresponds to the insertion site of Q strain, leads to an unlikely long coat protein (Mr 30,878), and furthermore, putative C-terminal region is not homologous to that of Q strain. The nucleotide sequence around residues 1815-1816 of Q strain was determined by sequencing only one clone on one strand1), while the cloning and sequencing procedures used here for the corresponding position of Y strain ensured maximum confidence in the deduced sequence. The origin of the discrepancy found in the C-terminal regions of viral coat protein might be arisen from a mistake in sequence of CMV-Q or an evolutionary divergence. However, it seems unlikely that either of the same viruses, even though different in strains, has such a long deletion or insertion of 18 amino acid residues in their coat proteins, which should induce sub stantial morphological changes of virus particles.
